Static experiments have been carried out between ethylene and oxygen on the silver catalyst at different pressures and temperatures, and the rates of the several reactions occurring were determined. It was found at 263° C that (a) the rate of oxidation of ethylene to ethylene oxide is proportional to the ethylene pressure and to the first power of the concentration (6) of adsorbed oxygen on the catalyst; (b) the rate of the direct oxidation of ethylene to carbon dioxide is proportional to the ethylene pressure and to the square of 6; (c) the rate of oxidation of ethylene oxide is proportional to the ethylene oxide pressure and independent of 6.
In the previous paper, certain hypotheses were put forward regarding the reactions which occur when ethylene and oxygen interact in the presence of a silver catalyst. These hypotheses were based mainly on reactions between ethylene oxide, etc., and films of oxygen adsorbed on the catalyst. In the present experiments mixtures of ethylene and oxygen, and of ethylene oxide and oxygen, were allowed to react for a certain time and the products removed for analysis; in this way, kinetic equations were obtained which could be compared with those deduced from the reaction mechanisms postulated.
The apparatus and catalyst used were the same as were described in the previous paper. Before each series, i.e. experiments under the same conditions but for different reaction times, the catalyst was heated overnight in oxygen at the operating tem perature; the gaseous oxygen was pumped out and part of the adsorbed oxygen removed from the catalyst by treatment with ethylene for 2 min. The ethyleneoxygen mixture was admitted and reaction allowed to proceed for some time before the reaction vessel was pumped out. In this way the quantity of oxygen adsorbed was regulated approximately to that obtaining during reaction. The series of experi- [ 123 ] ments was then started, those at the longest time being done first. Between each experiment, the reaction vessel was empty for about half an hour, but this appeared not to alter materially the surface oxygen concentration as the rate of evaporation is small. Failing this treatm ent, discordant results were obtained.
Theoretically, the reactions C2H 4+ | 0 2-*C2H 40 and C2H40 + 2 |0 2^2 C 0 2 + 2H20 could be followed by observing the change of pressure in the reaction vessel, the direct oxidation of ethylene to carbon dioxide and water involving no change of pressure. However, this was found unreliable owing to the large amount of oxygen adsorbed by the catalyst, and to the fact th at some of the products of reaction are also adsorbed on the catalyst. Analysis of the reaction products was carried out as described in the previous paper. The contents of the reaction vessel were passed through the U-tube (figure. 1, previous paper) cooled in liquid air, where the residual oxygen was separated off. The quantity of this oxygen was measured by admitting the mixture to the analyser in successive portions, pumping the analyser out in between each admission. The quantity of oxygen determined in this manner agreed to within 2 % with th at found indirectly by analysis of the other products.
During the separation from the oxygen, some of the condensable gas was lost by being swept through the U-tube before it had time to condense. Experiments with artificial mixtures showed th at 3-9 % of the ethylene, ethylene oxide and carbon dioxide could be lost in this way. The amount lost depended on the proportion of oxygen present, but approximately the same fraction of each gas was lost in any one experiment; water was not lost in this way. A correction was made to the analysis for this loss; the discrepancy between AC2 (= E t + EtO + |C 0 2) and the quantity of ethylene put into the reaction vessel initially was divided up between the three gases in proportion to the amounts present, and added to the values found by analysis.
A further correction was made to the analyses on account of the unreacted gases in the connecting tubing of the reaction vessel, which were calculated to amount to 5 % of the total. A quantity equal to 5 % of the initial ethylene present was sub tracted from the ethylene analysed. The results were finally expressed as a percentage of the original ethylene left as ethylene or transformed into ethylene oxide, carbon dioxide, or water. An example may make these corrections clear; the analyses are expressed as mm. pressure in the reaction vessel. The quantity of ethylene present at the beginning of the experiment was 20-6 mm.:
z c 2 as analysed 9-9 4-8 9-1 9-6 19-25 corrected for loss in pumping 10-6 5 1 5 9-7 9-6 20-6 corrected for dead space 9-6 5 1 5 9-7 9-6 19-6 as a percentage 48-9 26-3 24-7 24-5 100
Analogous corrections were made in the case of reactions between ethylene oxide and oxygen.
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R esults

Reactions between ethylene and oxygen
The series of reactions S1-S7 (table 1) were carried out a t a temperature of 263° C; the initial pressures of the ethylene and oxygen were varied in order to determine the orders of the various reactions occurring. These experi mental points are shown in figures 1-7; the full fines are obtained theoretically as explained later.
The deduction of the kinetics of the various reactions from these results is somewhat complicated owing to the fact th at there are simultaneous and consecutive reactions occurring together. I t is assumed th at as suggested in the previous paper one component in each reaction exists in the gas phase, or is weakly adsorbed, and the other component is the catalyst surface or the oxygen film on it. I t is also assumed th at only the following four reactions need be taken into account:
(a) Adsorption of oxygen: 0 2 -> 20ads. The rate of^his step should be proportional to the oxygen pressure and to the square of the free catalyst surface. I f is the oxygen pressure and 6 the fraction of surface covered with oxygen, then the rate of this step is J.0p 0( 1-$)2> less a term of the form A'0 d2 due to evaporation, which will be relatively small when ethylene is present.
(b) Ethylene oxide production: C2H 4 + Oad8 C2H40 . The rate of this step will be proportional to the ethylene pressure p lf and to some function of the surface oxygen concentration, i.e. rate = (c) Direct C 02 production: C2H 4 + 60ads -> 2C02 + 2H20 . The rate of this reaction is taken to be B 1p 1<J>(6) .
(d) C 02 via ethylene oxide: C2H 40 -> C H 3. C H 0-»2C 02 + 2H20 . Here the rate will be proportional to the ethylene oxide pressure p 2 and to another function of the adsorbed oxygen concentration, and can be represented as A 2p 2f 2(6).
When these four reactions are combined, the kinetic equations are as follows:
= A oPo( i-e ? .
These equations cannot be solved analytically, except in the special case when A = f 2 = (f)v In order to apply them to the results, the assumption was made th at 6 was constant throughout the course of the reaction. This is not true, but it is sufficiently accurate to enable the quantities u41/ 1(0), etc., to be evaluated approxi mately, especially at the beginning of the reaction.
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The higher terms of this expression can be neglected when this is applied to the early stages of reaction, since Pz/Pv the ratio of ethylene oxide small. This can be written
The function g is plotted against PzIPv and the extrapol gives m. Figure 9 illustrates this evaluation for the series S I. This estimation of m could be checked from the gradient of g when once n was evaluated, and in certain cases the next term of the expansion in equation (9) was considered. 
Px m
and using the value of m obtained above, n is found. In this way, all the required quantities can be evaluated. The assumption that 0 is constant will be least inaccurate at the beginning of a reaction, and hence and P i0 x(0) should be fairly accurate. But since A J 2(6) is derived from the maximum ethylene oxide when the reaction has gone to a considerable extent and 0 will have altered, it will be much less accurate. Table 2 lists the values found.
In formulating the functions fi(0), etc., the difficulty arises that 6 is not directly measurable in these experiments. It is certain, however, that 0 will increase with increasing oxygen pressure when the ethylene pressure is kept constant (S 1-3), and that it will decrease with increasing ethylene pressure when the oxygen pressure is constant (S 4,5,7). This is shown by the figures for ^0(i which suggest that 0 is determined mainly by the oxygen/ethylene ratio.
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In series S l-3 a t constant ethylene pressure, when the oxygen pressure is in creased fourfold, the values of A xf x(6) increase approxim of B x<fi(d) approximately fourfold. I t seems reasonable th at in the conversion of ethylene to ethylene oxide, since one atom of oxygen is involved, the rate of reaction should be proportional to the first power of the concentration of adsorbed oxygen, i.e. f x{6) = 6. Then these results would indicate th at < j)x{0) = d2, i.e. th at the rate of the direct production of carbon dioxide is proportional to the square of the adsorbed oxygen concentration. If these conclusions are correct, then the ratio [Axf x(0)\21Bxcf)(0) = A \!B X should be constant. The last column in table 2 lists these ratios, and it will be seen that with the exception of S 5 and S 7, these are reasonably constant. These discrepancies may be due to slight changes in the catalyst, which affect the calculations disproportionately. The series S i and S7, which should be identical, appear from table 2 to have considerable differences, whereas it can be seen from figures 1 and 7 th a t the experimental differences are small. A plot of x against *Jy is shown in figure 10 ; the data of S 1-4 only are last three series of experiments do not appear to be so consistent. From the line obtained, values for A 0 and A x were deduced. The constant B x can be evaluated assuming an average value of 12*4 x 10-2 for the ratio A \jB x (last column of table 2) in S 1-4. The constants so found are A 0 = 3 -8 x l0 -2, = 13-Ox lO-2, ^ = 13-6 x 10~2.
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W ith these constants, 6 at the beginning of S 1 is equal to 0-28. I t may be mentioned th at in the resistance experiments with a similar ethylene/oxygen ratio (46-3 mm. ethylene, 143 mm. oxygen) 0 was estimated to be 0-30 a t 301° C. It is obvious th at the values assigned to these constants cannot be of a high degree of accuracy owing to their indirect method of derivation, but they served as the starting-point of the exact solution of equations (l)-(3) by the differential analyser (this work will be published elsewhere), and were not very different from the values finally chosen by trial and error.
The mechanism of the catalytic oxidation of ethylene. I l l 133 The oxidation of the ethylene oxide is controlled by the factor A 2f 2(6). The accuracy of measurement is much lower than that for the other factors, since it depends on (a) an accurate estimate of the maximum ethylene oxide production and (6) on the correct measurement of the quantity m. But the greatest error in the measurement of A 2f 2{6) i s due to the assumption that 6 is constant w Despite these difficulties, however, the absence of any trend in the values of A 2f 2(6) with variation in the ethylene and oxygen pressures suggests that this factor and therefore the rate of oxidation of ethylene oxide is independent of 6.
This can be seen more clearly by considering the effect of different kinetics on the maximum ethylene oxide formed. If the oxidation of ethylene oxide, and also the direct oxidation of ethylene to carbon dioxide, were first order with respect to 6, then the functions m and n would be independent of 6, and equations would hold accurately independently of any variation in 6. In this case, it follows from equation (10) that, as the oxygen pressure and thus 6 is increased, the maximum ethylene oxide produced would remain unaltered. The effect of the direct oxidation of ethylene to carbon dioxide, being second order with respect to 0, would be to cause the maximum to decrease slightly as the oxygen pressure was increased. The effect actually found was that the maximum increased as the oxygen pressure increased, and thus the oxidation of the ethylene oxide must be of a lower order than unity with respect to 0, and probably independent of 0.
Integration of kinetic equations
The most satisfactory confirmation of the kinetics deduced in this way, is by the integration of equations (1 )-(3). Whilst this cannot be done analytically, the equations have been solved by using the Bush differential analyser. This method only allows of solutions when the constants A 0, A x, B x and A 2 are known numerically and a numerical value has to be chosen for the experimentally unobservable 6 at the start of reaction. The details of the machine set-up for the differential analyser and the method of choosing 6 will be published elsewhere.
The constants A 0, etc., were estimated by trial and error, using the values given on p. 132 as guidance, and fitting the solutions to the series of experiments (SI) in which the initial ethylene and oxygen pressures were 20 and 60 mm. respectively. The solutions are shown in the solid curves of figures 1 and 7. The fact th at such a good fit was obtainable with the experimental results is considerable confirmation of the kinetics assumed, but the real test was in the application of these solutions with the constants chosen by fitting to S 1 and 7 to the other series of experiments in which different initial ethylene and oxygen pressures were used. The agreement is extremely satisfactory (except in the case of S 3, where there seems to be some experimental error) and affords striking confirmation of the kinetics deduced. In particular, the agreement at the maximum of the ethylene oxide curves is a satis factory proof th at the rate of oxidation of ethylene oxide is independent of the adsorbed oxygen concentration.
Reactions between ethylene oxide and oxygen
I t was thought that confirmation of the kinetics of the oxidation of ethylene oxide might be obtained from direct experiments between ethylene oxide and oxygen. The experimental details were the same as in the case of ethylene and the results are shown in table 3. The values of A 2 were obtained from the gradients of the straightline graphs of log p 2/P2against time; ^40(1 -6)2 was similarly found from the logp0/P0 graphs. The results obtained here appear to be in conflict with the previous ones in th at A2 is not constant. This anomalous result is due to the fact th at the oxidation of ethylene oxide goes by two stages, (< a) isomerization to tion of the acetaldehyde; the latter step is very much faster than the former, and provided that the rate of adsorption of oxygen by the catalyst is sufficiently fast, no acetaldehyde accumulates during reaction, and the overall rate of oxidation of the ethylene oxide is that of the isomerization-a step which is independent of the oxygen concentration.
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In the experiments with ethylene there was always a high oxygen/ethylene oxide ratio, and the rate of adsorption of oxygen by the catalyst was always ample to oxidize the acetaldehyde; in the present series, however, this was not so, and since the analytical technique did not distinguish between ethylene oxide and acetaldehyde, the values of A 2 really refer to the production of carbon dioxide and water, and thu are dependent on the oxygen concentration. I t will be noticed th at the values of A 2 are less than th at expected (4-0 x 10~2), which agrees with this explanation.
Since the quantity of oxygen taken up by the catalyst is relatively small, the rate of uptake of oxygen by the catalyst should equal the rate of oxidation of the ethylene oxide, i.e.
A o(1~d )2p 0 = For there to be no acetaldehyde accumulating, A 0p 0 must be greater than i.e. PolPz > 2-5A2jA 0. Assuming the values for A 0 and A 2 found to fit the ethylene oxidations ( A 0 -A 2 = 4-Ox 10"2), this gives 2-5. Of the ab experiments, only S 12 fulfils this condition, and the low values of found in S 11 and 13 are due to the rate of uptake of oxygen by the catalyst being insufficient to oxidize all the acetaldehyde.
Another cause of the slower oxidation is the partial covering of the catalyst by a deposit formed from the ethylene oxide. In the previous paper it was shown th at this deposit forms to a much greater extent with ethylene oxide than with ethylene. The formation of this deposit during the reaotion between ethylene oxide and oxygen was confirmed by the fact th at the increase in pressure of the system with time was always less than th at calculated from analysis of the amount of carbon dioxide and water formed. That the substance going on to the catalyst was organic was shown by heating the used catalyst in oxygen when carbon dioxide and water were produced.
The experiments are thus not sufficient to determine the kinetics of this oxidation owing to the large amounts of oxygen required and more particularly to the organic deposit formed on the catalyst. It is more reliable to determine the kinetics from the experiments between ethylene and oxygen, since, in these, the rate of oxidation of the ethylene oxide is measured relative to the rate of production, and any deposit formed on the catalyst would affect both of these reactions equally.
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Reaction mechanisms The kinetics found in the present experiments agree perfectly with those expected from the results of the reactions between adsorbed oxygen and the various organic gases. There are two routes by which ethylene may react. On the one hand, it may take up a single adsorbed oxygen atom to form ethylene oxide; as would be expected the rate of this reaction is proportional to the first power of the concentration of oxygen adsorbed on the catalyst. On the other hand, the ethylene may be com pletely oxidized to carbon dioxide and water without first forming ethylene oxide; the rate of this reaction is here found to be proportional to the square of the adsorbed oxygen concentration, in agreement with the previous experiments with oxygen films. The first step in this process must therefore be reaction between an ethylene molecule and a pair of adsorbed oxygen atoms. Representations of the physical processes involved in these two reactions of ethylene have been given in the previous paper.
The fact th at agreement exists between the results obtained here and those found in the experiments with oxygen films is also a proof th at neither homogeneous reactions nor reactions between adsorbed ethylene and gaseous oxygen take place to any appreciable extent. I t is also possible to make an approximate correlation of reaction rates; the value for the velocity constant B x of the direct oxidation as estimated in the present experiments and used in the machine solutions was 16*7 x 10-2, which is intermediate between the highest and lowest values found for B x in the experiments between ethylene and oxygen films (table 5, P art II).
In the previous paper it was shown th at ethylene oxide could undergo a variety of reactions. I t could (a) be isomerized to acetaldehyde and thence oxidized to carbon dioxide and water, ( b) revert to ethylene and adsorbed oxygen, (c) be the catalyst and thence be further oxidized, or ( ) possibly be oxidized directly to carbon dioxide and water.
The result found here, th at the rate of oxidation of the ethylene oxide is indepen dent of the concentration of adsorbed oxygen, fits in with the first of these processes, the isomerization to acetaldehyde, and indicates this as being the major reaction of the ethylene oxide. I t is possible th at some ethylene oxide is oxidized directly and not via acetaldehyde, but if this is so, the evidence of this and the previous papers is th at only a small fraction of the ethylene oxide follows this path. Some ethylene oxide is adsorbed to form an organic deposit covering up part of the catalyst; this is slowly oxidized to carbon dioxide and water, but, as was shown in the previous paper, the quantity of ethylene oxide following this path is small.
In the experiments made with ethylene oxide alone in contact with the catalyst, the indications were th at the reaction back to ethylene and adsorbed oxygen was relatively important. However, in the series of reactions between ethylene oxide and oxygen, no ethylene was ever detected in the products. This surprising result can be interpreted if it is assumed th at there are two types of silver surface concerned in the adsorption of oxygen; one, amounting to perhaps as much as 20 % of the surface, which adsorbs oxygen more strongly than the other. I t is this part of the surface which, because of its great affinity for oxygen, brings about the reversion of ethylene oxide to ethylene. When ethylene oxide is admitted to an oxygen-covered catalyst, the acetaldehyde formed causes the removal of the strongly bound oxygen, after which ethylene can be produced. But when oxygen is present in the gas phase, thi § strongly adsorbing part of the surface remains covered with oxygen and no ethylene can be produced. Evidence th at the silver surface is not uniform has been found from experiments on the adsorption of oxygen; it was found th at when an oxygen-covered surface was allowed to evaporate into a high vacuum, a large part of the oxygen was removed, but a certain fraction remained even after long pumping; this fraction could, however, be removed by chemical means, e.g. cleaning up by ethylene or hydrogen.
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Effect of temperature
The effect of temperature on the oxidation of ethylene can be seen from figures 11 and 12, which are to be compared with figures 1 and 7; in all these experiments, the initial mixture was 20 mm. ethylene and 60 mm. oxygen. Apart from the general increase in reaction rates with temperature, the most noteworthy features shown by these curves are (a) the increase in the maximum amount of ethylene oxide produced, and (6) the slight increase in the direct reaction to carbon dioxide. I t will be shown tim e (min.) later th at both of these effects are due to an increase with temperature in the con centration of adsorbed oxygen, rather than to changes in the order of the velocity constants.
The velocity factors deduced from these experiments are given in table 4. I t is not possible directly to obtain the energies of activation from these values as 6 is not measurable. However, approximate values for these energies can be estimated by combining the present data with th at obtained elsewhere. The experiments on the clean-up of oxygen films by ethylene have provided directly values for the constant B x from which an energy o kcal. for the direct oxidation of ethylene to carbon dioxide was obtained (Part II, p. 119) . Experiments using the resistance effect gave for the clean-up of oxygen by ethylene an energy of activation of 10 kcal.; although the resistance effect is some what complex, this can be taken as confirmation of EB .
By using the figures of table 4 and plotting log against the reciprocal of the absolute temperature, the apparent energy of activation for the production of ethylene oxide was found to be 26 ± 2 kcal., in agreement with the value of 27 kcal. found from flow experiments (Part I, p. 99). Similarly, the apparent energy of activation of the direct oxidation (from B xd2) is 29-5 ± T5 kcal. A combination of these two values, or alternatively, a plot of taken from the last column oft able 4, gives 2 EAi -EBi = 22 + 5 kcal.
Using the value above for EBi, an estimate of 16 + 4 kcal. follows for A x. The velocity constant A 2 for the oxidation of ethylene oxide can be obtained directly from table 4. As explained before, these figures are bound to be inaccurate, but from them an approximate estimate of the energy of activation of this reaction can be made. This comes to 20 + 5 kcal. and is the energy to be associated with the isomerization of ethylene oxide to acetaldehyde. The apparent energy of activation for the adsorption of oxygen by the catalyst, taken from the values of A o( l -0)2, was 24*8 kcal. Since the apparent energies of activation for ethylene oxide production, and the direct oxidation to carbon dioxide are both greater than the true energies of activation associated with these steps, it follows that as the temperature is raised, d increases. So for the uptake of oxygen, one would expect the true energy of activation associated with the velocity constant A0 to be greater than 25 kcal. Measurements on the resistance effect indicated a value of 27 kcal.
These figures can be summarized: oxygen adsorption * 4 . > 25 kcal. ethylene oxide production 16 + 4 kcal. direct C 02 production^B i 10 + 3 kcal. ethylene oxide oxidation 20 + 5 kcal.
From these figures I t follows th a t as the temperature is raised the value of Q during reaction will increase until adsorption becomes rapid relative to the other reactions, when 6 will approximate to the value obtaining in the absence of ethylene. This latter value decreases with increasing temperature, so th at 6 will have a maximum value. Corresponding to this, the maximum in the curve of ethylene oxide against time will reach an upper value (estimated a t about 35-40 %) as the temperature is raised and decrease rapidly thereafter, since EAi is greater than Similarly, the fraction of ethylene oxidized directly to carbon dioxide will increase a t first as the temperature is raised, owing to the increase in 6, but will subsequently decrease rapidly owing to the fall in 6 and the low value of
A n approximate measurement of 6
An attem pt was made to measure the concentration of adsorbed oxygen on the catalyst during reaction by pumping out the contents of the reaction vessel and cleaning up the oxygen with hydrogen. The catalyst, which in the experiments immediately preceding had been in contact with ethylene oxide, was cleaned as far as possible from organic deposit by heating at 330° C in oxygen for 14 hr. The tem perature was reduced to 263° C after pumping out the reaction vessel, and the catalyst was left in contact with 50 mm. of oxygen for half an hour. In order th at 6 might settle down, three reactions with 20 mm. ethylene and 60 mm. oxygen were run, each to the point where ethylene oxide was a maximum. After the third run, the reaction vessel was pumped out for 1 min., and 60 mm. of hydrogen was admitted. After 22 min. this was pumped through the liquid-air trap in the analyser and the condensable products analysed. A small quantity of carbon dioxide was found, equal to 0-6 mm., together with 6-2 mm. of water (all quantities given in equivalent pres sures in the reaction vessel). I t is thought that the carbon dioxide found here comes from the organic deposit formed during the ethylene-oxygen reaction and displaced by the hydrogen, and so the oxygen in it is not counted. From the quantity of water found, the amount of oxygen adsorbed during reaction is equivalent to 3-1 mm. This figure may be slightly high if some water left over from the ethylene-oxygen reaction and adsorbed on the catalyst is displaced by the hydrogen.
It is estimated (unpublished work) that the quantity of oxygen which would cover the catalyst at saturation is equivalent to about 10 mm. pressure in the reaction vessel. Consequently, the value of 6 indicated by the above experiment is 0-31. Considering the difficulties of this experiment, this compares not unfavour-ably with the value of 0-22 which fitted the machine solutions for the rate equations under similar conditions. In the presence of oxygen alone, 6 would have had a value of about 0-6.
Conclusions
In the previous papers the complex of reactions th at occur when ethylene and oxygen interact in the presence of a silver catalyst was dissected and the individual reactions examined. The present work has shown th at when the overall reaction is considered, it is in agreement with what is expected when the individual steps are put together. The first step in the reaction is the adsorption by the catalyst of oxygen in the form of atoms. Ethylene reacts either with one atom to form ethylene oxide, or with a pair of atoms to form some intermediate which is then rapidly oxidized further to carbon dioxide and water. Ethylene oxide in turn can be oxidized; it first undergoes isomerization to acetaldehyde which is rapidly oxidized to carbon dioxide and water. In addition, there are minor reactions involving the formation and oxidation of an organic deposit on the catalyst, mainly produced from ethylene oxide.
The correlation between reaction rates found here and those obtained in the experiments with oxygen films throws some light on the problem of whether all or only a small fraction of the catalyst surface takes part in reaction. The velocity constant B l of the direct oxidation to carbon dioxide has approximately the same value as th at deduced from experiments on the cleaning up of oxygen films by ethylene. Consequently, a large part, and possibly the whole, of the catalyst surface must be engaged in reaction. I t will be noted th at in the mechanisms found here, reaction occurs between one component (oxygen) which is chemisorbed on the catalyst and the other component (ethylene) which is either not adsorbed a t all, or only weakly adsorbed by van der Waals forces. This general type of mechanism has been found previously in the case of reactions between ethylene and hydrogen on a nickel catalyst (Twigg & Rideal 1939) ; in th at instance it was the ethylene which was chemisorbed and the hydrogen which was loosely held to the catalyst by molecular forces. I t seems possible th at this type of mechanism, where one component is chemisorbed and the other is not, may be a general one in heterogeneous catalysis. The more usual view of hetero geneous catalysis as reaction in a two-dimensional film (Schwab 1937) appears to be inherently less probable; it requires the simultaneous condition that both reactants are adsorbed, strongly enough to be in sufficient concentration, but not so strongly th at they cannot be detached from the surface. Whereas, on the view proposed here, only one reactant need fulfil these conditions; and, indeed, the fact th at silver is a good oxidation catalyst for a large variety of organic substances is due to the moderate adsorption of the oxygen and does not depend on the ability to adsorb the organic material.
It would be possible to express the results of the kinetic experiments of this paper by means of the formula pot for the rate. If this is attempt fit very well, but give approximately m = 0-45, n -0-55 for ethylene oxide produc tion, and m = 0*3, n = 1 *1 for the direct oxidation of ethylen figures which might suggest th at ethylene was moderately strongly adsorbed and oxygen weakly adsorbed as atqms; in addition, the different values of m for the two reactions might suggest two types of surface for these reactions. This is in direct contradiction to the interpretation put forward in these papers, an interpretation which is amply supported by experiments other than purely measurements of rates of reaction. Thus it would appear th at in investigating the mechanism of catalytic reactions there may be some danger in relying solely on correlations between reaction rate and concentrations of reactants. Ordinates of the figure: add one pH unit to each number on the axis-now to read 11 to 15.
